A common foreign body of the nose in intensive care, the nasotracheal tube, has for 20 years been cited as a cause of bacterial infection of the paranasal sinus. High frequencies of bacterial culture positivity have occurred in several studies. However, the state of critically ill patients has to be evaluated before conclusions about cause of infection can be made. Nosocomial colonization with intensive care unit flora, in combination with use of antibiotics, precludes the use of procedures that are standard in office practice and microbiological diagnostics. New methods of sampling and quantitative culturing for the specific purpose of intensive care antral diagnostics, in combination with endoscopic inspection, have enlarged our knowledge of sinusitis. Among patients ventilatortreated for §1 week, the occurrence of bacterial sinusitis is õ10%. For 80% of the examined antra there were similar inflammatory reactions without clinical signs of infection. Sporadically in these, cultures of antral specimens were positive for bacteria, which, by definition, would represent colonization.
Critically ill patients have one or more diseases or injuries
In 1974 Arens et al. presented a retrospective ICU study in requiring intensive care. These patients often have dysfunction which four patients had sinusitis ipsilateral to a nasotracheal of one or more organ systems, with secondary impairment of tube [7] . Cases with or without growth of bacteria in cultures of host defenses [1, 2] . Critically ill patients are subjected to purulent nasal discharge, antral drainage material, or specimens multiple invasive diagnostic and therapeutic procedures. Any from an unreported site were interpreted as maxillary sinusitis. fever developing during hospital care is a nosocomial fever More case reports followed during the next decade (table 1) . [3] . Such fever is most common in the intensive care unit Several retrospective studies (table 2) showed a higher inci-(ICU) setting, whether it is infectious or noninfectious [4] . It dence of sinusitis in the adjacent vs. nonadjacent antrum of is important to differentiate nosocomial infection, a clinical nasotracheal tubes [15 -17, 20 -22] . Head injuries and facial infectious disease, from nosocomial colonization, in which fractures also contribute to a high incidence (table 2) . pathogenic microorganisms are present but do not participate Studies involving no microbiological investigations but indiin a disease process [3] . rect examinations yielding diagnoses of ''radiographic sinusHospitalized persons are often colonized with enteric gramitis'' have also been undertaken (table 3) . Studies of ICU panegative bacilli (EGNB) [1] . The more severe the illness, when tients with CT or sinus roentgenography showed that a patients are critically ill and mechanically ventilated in an ICU, prolonged period of nasal cannulation can lead to increased the more regularly EGNB colonize the lower airways as well incidence of sinusitis [25, 26, 29 -31] . The larger nasal cannu- [5] . The particular bacterial strains in one patient are usually las, i.e., nasotracheal tubes, induce radiographically evident found in both the upper and lower airways [5, 6] .
sinus pathology faster and more often than do the smaller nasogastric tubes [25, 26, 29] , although radiographic sinusitis does occur with nasogastric tubes [28] , even in patients who Direct examination by antroscopy is the ''gold standard'' for aureus is most frequent, followed by Pseudomonas aeruginosa, assessing antral disease [49] . Provided that an antral specimen EGNB, and various Streptococcus species.
bacterial culture is positive and without contaminants (and has Ventilator-associated pneumonia (VAP) is associated with been done with a technique that enables contaminants to be high rates of morbidity and mortality among ICU patients [44] .
distinguished from the indigenous flora [50]), bacterial maxilThe high risk of VAP is compounded by many factors. First, lary sinusitis may well be the correct diagnosis. The bacteria there is immunocompromise due to the underlying disease present in the nasal cavity when antral culture specimens are and/or its therapy. Nosocomial colonization occurs with proobtained are not necessarily indicative of the cause of the infeclonged mechanical ventilation, e.g., when the local antibacterial tious sinusitis [51, 52] . host defense is impaired and the bacterial inoculation is enThe coronal CT view, after endoscopy, is currently considhanced by the artificial airway [2, 45] . ered the most reliable means of evaluating inflammatory sinus The signs of VAP -new or growing infiltrates on a chest disease [53, 54] , as it makes it possible to picture the skeletal radiograph, fever, leukocytosis, and purulent tracheal secreanatomy and distinguish mucosal thickening from fluid. As a tions -are not enough to differentiate it from other conditions bedside alternative there is plain sinus radiography for screenwith similar signs, such as atelectasis, congestive heart failure, ing; it has been used as such for mechanically ventilated paor adult respiratory distress syndrome [41] . Once more, tients in some reported cases (table 1) and studies (tables 2 -S. aureus and P. aeruginosa are the bacteria most commonly 4). The other portable alternative is ultrasonography, which causing nosocomial pneumonia [3] . In addition, they occur has been considered to be better than radiography when both frequently as nosocomial colonizers.
were compared to antral puncture as the standard [55, 56] . The occurrence of the same bacteria in antral and tracheal Antral puncture, either transnasally by the inferior meatus aspirates from 13 of 17 patients with maxillary sinusitis supor through the canine fossa, with or without lavage [57, 58] , ports the notion of general colonization of the airways [37] .
is a well-known diagnostic and therapeutic approach. It is Cases of maxillary sinusitis and VAP, diagnosed with use of also commonly used as a standard procedure with other indibronchoscopic protected-brush specimens, have been observed rect diagnostic methods in evaluations either to confirm the in which the bacterial agents were the same [35] . This finding presence of antral fluid or to obtain secretions for further was not reproduced, though, when the investigation was percellular and microbiological tests. However, no systematic formed in the opposite order (i.e., VAP was diagnosed first data on the diagnostic limits of antral puncture have been and then maxillary sinus aspirates were investigated) [41] .
published.
Diagnostics of Paranasal Sinus Disease
A considerable risk of contamination of bacterial cultures There are problems with the diagnostics of paranasal sinus has been observed with the use of lavage [51] . The difficulty in obtaining clean specimens from the nasal cavity by disindisease [46] . For example, two quite similar investigations [47, fecting was certified by Rouby et al. [42] , for whom only 50% adjust the antibiotic therapy to match the susceptibility of the bacteria in the antral samples. of septum swab samples were free of bacteria. These results present two further considerations: (1) the anatomy of the infeThere has been no thorough study in which all contributory parameters have been included and the results of therapy have rior meatus is more complicated than that of the plain septal area, and (2) the septum-sampling swab stays on the surface been followed. Such a study would be difficult and perhaps even impossible to perform. Borman et al. have contributed one of and thus cannot be compared to a penetrating needle.
the most interesting studies to date from this perspective [38] . Their study included 26 patients with occult fever, transnasal Treatment of VAS cannulas, and ICU stays of ú48 hours, of whom 19 had abnormalities on sinus CT. All 19 underwent unilateral antral puncture, Removing a foreign body from a nasal cavity improves the local environment of that cavity, as determined in most studies and fluid was aspirated and cultured from 15. Ten of 15 cultures showed bacterial growth, yet the investigators decided that the of ventilator-associated sinusitis. As a direct agent of obstruction disappears, the continuous traumatization of the mucosa occult fever or other infectious complications could confidently be attributed to sinusitis in only one case. ceases, and with the removal of a polymer tube, a matrix and shelter for P. aeruginosa and S. aureus disappears [59 -62] .
New Clinical and Microbiological Knowledge About VAS The removal of the foreign body diminishes the number of bacteria colonizing the nasal cavity, allows more air to enter, Given the incomplete knowledge on the etiology and diagnostics of VAS, there are good reasons to investigate the inand improves the local host defenses. Another measure is to / 9c57$$oc04 09-28-98 06:32:23 cidal UC: CID 40 samples showed contamination; there were identical bacteria years]). The patients included were critically ill and had been in both gingival and antral samples, but fewer in the latter mechanically ventilated for ú7 days. They had pyrexia of (dilution effect). From patient 2, secretions were collected by unknown cause in combination with leukocytosis and/or an absorption (for 30 seconds) on a cotton swab in a protective elevated level of C-reactive protein, clinically suspected infectube, immediately after penetration of the antral wall, when tious sinusitis (purulent nasal discharge), and maxillary sinus the trocar was removed from the sheath. For patients 3 through disease evidenced radiologically or ultrasonographically [63] .
7, the trocar penetration was through the gingiva of the canine The specific aims were (1) to test ultrasonography as an fossa, and the contamination rate was 67% (95% CI, 35% -alternative diagnostic tool for ICU patients; (2) to validate 90%). Starting with patient 8, a free bone area was made antroscopic observations of one examiner against those of an and contact with oral mucosa was avoided, but otherwise the expert panel [64] and validate the use of antroscopy as a ''gold performance was unchanged. With this arrangement the constandard'' [63]; (3) to test a reliable sampling technique for tamination rate decreased to 5% (95% CI, 0 -23%), when evalbacterial culturing from the antra [65] and, if contaminations uated after its use on 11 patients. No further changes to the were found, to improve the methodology until reliable diagnossampling techniques were made. tic culture results were obtained [65, 66] ; (4) to search for
We also set up a method to double-check bacterial cultures infective agents of the antral mucosa by means of anaerobe for possible contaminants [65, 66] . A gingival culture was made cultures of tissue samples [66] ; (5) to determine the concentrafor each patient to identify the contaminants. All samples were tion of antibiotic in the sinus mucosa and study its relationship cultured aerobically on blood and CLED (cystein lactose electroto occurrence of bacterial infections and colonization [67] ; and lyte deficient) agars at 37ЊC and on hematin (McLeod) agar at (6) to test the hypothesis of an existing correlation between 37ЊC in 5% CO 2 . They were also cultured anaerobically on infectious or noninfectious sinusitis to clinical appearance, hisprereduced Brucella blood agar, with and without added antibiottology, and occurrence of the mRNA of the chemokine ics (penicillin G, clindamycin, metronidazole, and imipenem). RANTES, the cytokines IL-6 and IL-12, and the endothelial Starting with patient 8, quantitation was done by means of a dilution series of both samples from gingiva and antra to adhesion molecules ICAM-1, VCAM-1, and E-and P-selectin.
/ 9c57$$oc04
09-28-98 06:32:23 cidal UC: CID of 66 (6%), were positive when contaminants were excluded concerning the reliability of the observations [64] . This was done particularly because we were using these observations (table 6) [66] . Two contained a mixed anaerobic flora with as a standard criterion in other comparisons. The study used Fusobacterium and Prevotella species as the main pathogens, videotaped material from 18 of the sinoscopies (on 9 paone was a monoculture of Escherichia coli, and one had a tients), and an expert panel of 4 senior consultant ear-noselimited number of Lactobacillus colonies.
throat surgeons with particular experience with the rhinosiThe active site of infection is in the mucosa [68] . Drainage nuses (both clinically and in research) made assessments on might not contain viable bacteria or might miss the true a structured form. infecting organism active in the tissue margin. Therefore,
The investigation included an interobserver study of the varitissue specimens from antra were cultured anaerobically, ance within the expert panel, a study of background impact starting with patient 15. The specimens were transported in (bias), and the value of using video to gain a second opinion. thioglycolate broth [69] to an anaerobic work-box, where
The findings were presented in structured form: redness, bleedthey were cut into small pieces, pounded with a pestle in a ing tendency, edema, secretions, and mucosal alterations. The mortar, and then spread onto prereduced Brucella blood agar results were evaluated according to k statistic methodology plates, with and without antibiotics.
[70 -72]. Of the 38 mucosa cultures, four (11%) were positive (table In the expert panel, the concordance was on a random 6) [66] . One positive specimen was from the same antrum level for redness and there was a fair-strength agreement yielding an anaerobic culture -positive secretion, and the bactefor bleeding tendency and edema; for assessment of secreria found in the both samples correlated well to each other.
tions and mucosal alterations the agreement was better and The secretion cultures corresponding to the other three positive reached moderate strength. The concordances on the conmucosa cultures were negative. Two were monocultures, yieldcepts of redness, bleeding tendency, edema, secretions, muing Peptostreptococcus species in one and Lactobacillus fercosal alterations, and infections between the expert panel mentum in the other. In the third, Eubacterium and Propioniand the performer corresponded to the interobserver results. bacterium species were found.
On the free-description part of the form, the experts expressed their overall assessment of each videotaped antroscopy, and for the assessment of ''infection'' there was al-
Inflammatory Responses
most perfect concordance (median k Å 0.78 in the In the evaluation of endoscopic assessments for our cominterexpert study and median k Å 1.00 in the performerplete patient population, a special investigation was made experts study).
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Microbial Colonization Antibiotic Availability in Host-Microorganism Interactions
In evaluation of the antroscopic findings and bacterial infecExtracellular antibiotic efficacy in the bilateral antral mucotions or colonizations for the entire patient population, the sal specimens from seven patients (numbers 27 -33) was deterregular endoscopic observation was an inflammatory state (of mined and compared to serum concentrations on the same occavarious degrees) in 56 of the 66 antroscopies (85%) [66] . Ten sion [67] . The microtechnique used has been previously maxillary sinuses (15%) were found to be normal. In 38 antrosdescribed [73] . Adequate concentrations of active antibiotic copies (58%), antral secretions of various types were found.
were found in the antral mucosa, in spite of inflammatory The mucosal inflammatory reactions were expressed in differdisease [67] . An exception was patient 28, whose serum conent ways, in terms of the color of edema (from pallid to vermilcentration of cefuroxime was very low (0.14 mg/L); neither ion) and degree of transparency. In some the edema was partial, the right or left antral tissue specimen had a measurable concenand then always in the medial and ostial regions. When polyps tration. occurred, they were also primarily located medially and osIn the remaining 12 antral specimens there were measurable tially.
concentrations of cefuroxime, vancomycin, or ampicillin, deFour antra were identified endoscopically as manifesting inpending on the choice of therapy. The mucosal concentrations fection. For two of these the secretion cultures were positive, were all lower (by 10% -95%) than the serum concentrations. for one both secretion and mucosa cultures were positive, and
The difference in antibiotic concentration between right and for the fourth the mucosa culture was positive. Two of the left antrum samples from the same patient may have been due bacterial cultures for the four sites of infectious sinusitis had to the 20 minutes between sampling times and/or different a mixed anaerobic flora, one had only two anaerobic bacteria ratios of surface area to volume associated with different ex-(Eubacterium and Peptostreptococcus species), and one had a pressions of disease. single aerobic pathogen (E. coli) (table 6) .
Three other antral specimens yielded positive monocultures (one secretion culture and two mucosal cultures) (table 6). The
Pathology of Sinusitis
antroscopic findings in these three antra were the same as for all the other patients who had reactive inflammation in the antra
In patients 27 -33, investigations for the presence in bilateral antral tissue specimens of the chemokine RANTES, IL-6 and and secretions but negative cultures. No infectious adverse reactions were recognized. Thus, these three antra were consid-IL-12 (by reverse transcriptase PCR), and the adhesion molecules ICAM-1, VCAM-1, and E-and P-selectin (by immunocyered to be in a reactive inflammatory state with bacterial colonization.
tochemistry) were performed, and the results were compared / 9c57$$oc04 09-28-98 06:32:23 cidal UC: CID with histopathologic and bacterial culture findings [74] . The neutrophils. In two of these (28, left; 30, right), there were also abundant eosinophils. In the third (30, left), however, involving aim was to evaluate the inflammatory expression in infectious vs. noninfectious sinus disease. a peptostreptococcus infection, there was an accumulation of inflammatory infiltrative leukocytes, with the major part of the Biopsy specimens of bilateral antral mucosa that were negative in aerobic and anaerobic bacterial cultures and were from eosinophils within the vessels. In the reference material from the clinically normal antral four patients who had undergone surgery for exophthalmos were used as reference for the occurrence of RANTES, IL-6, mucosa of the four patients surgically treated for exophthalmos, whose tissue specimens were obtained bilaterally, PCR was and IL-12. All four antral specimens that were positive for RANTES also yielded positive, noncontaminated bacterial culnegative for IL-6. Positive findings were made in two cases each for IL-12 and RANTES, all in separate specimens. These tures (patient 28, left antrum; 30, right and left; and 33, left). The correlation between the findings of no RANTES and no findings were not significantly different from the findings for the critically ill patients. P-selectin was prominently expressed infective agents was significant (P Å .005) [74] . Both IL-6-positive antra were also IL-12-positive, and one of them was in all specimens, with 100% positive vessels compared to the amount of CD31-positive vessels used as control in the correalso RANTES-positive. The noninfectious RANTES finding was for a specimen that was also IL-12-positive. The distribusponding section. ICAM-1 and E-selectin regularly showed strong expression, but VCAM-1-positive vessels were sparse tion of cytokines and with regard to other parameters, e.g., polyps and histopathologic expressions, failed to reach statistiin all specimens. Ultrasonography (A-mode) was tried as an alternative diagcal significance.
However was performed by means of an interobserver variability study at 0Њ examination to 91% at 30Њ examination. The specificity among the experts and a study of the variability of the perforfor fluid, 25%, remained unchanged. For edema the sensitivity mer in comparison with the experts [64] . was unchanged (81%) with repositioning, but the specificity
The less fractional the assessment of the antral condition, increased from 67% at 0Њ to 100% at 30Њ. The use of maxillary the higher the strength of agreement, as was illustrated by the sinus ultrasonography in the ICU setting is primarily for screenalmost perfect concordance on assessment of clinical infectious ing for any disease.
sinusitis. The results, interpreted as strength of agreement, were then compared between the two studies. In this comparison no Discussion significant differences were found between the interobserver study of the expert panel and the study comparing the experts To improve knowledge of pathological changes occurring and the performer. These results were interpreted as showing in the upper and lower airways of critically ill mechanically (1) that the original observations at the antroscopies had reliaventilated patients, the requirements for examination and diagbility as good as those of the expert panels and (2) that the nosis must be enhanced and documented in such a way that quality of observations at the antroscopies were dependable the results obtained may be used for scientific evaluations.
enough to be used for evaluation in the full clinical study. Experimental animal studies with this objective are difficult
The difficulty is obvious in obtaining antral samples for to set up properly to represent the corresponding conditions. bacterial cultivation without contaminating the sample in either Furthermore, animal anatomy differs from that of humans, as of the two passage routes used. The occurrence of contaminants does the bacterial flora of their upper airways. The material on was estimated in our study [65] . For an isolated bacterial spewhich our research project was based was therefore obtained cies to be considered as representative of the agent of maxillary from a consecutive study of patients mechanically ventilated sinusitis, we found that it has to occur in significantly higher for §7 days in an ICU.
numbers than in a corresponding control culture from either The paranasal sinuses are not accessible to direct examinameatus nasi inferior or gingiva depending on the route of penetion without an invasive procedure. Indirect diagnostic methods tration used. The canine fossa route was chosen because of the are valuable for guidance in the investigation of nosocomial better operating view and better chance of avoiding unnecesfever with symptoms that could arise from a maxillary sinus sary contacts with the contaminating gingival mucosa. infection. Ultrasonography also is easy to use in comparison Disinfection has been shown not to solve the contamination with a criterion standard, e.g., antral puncture or CT, in meproblem when applied on an easily accessible, plain area of chanically ventilated patients [30, 39, 63] .
skin [80] and in the more difficult nasal cavity [42] . We applied Our study, in comparing ultrasonography to direct, endothe protected-brush-specimen model, that is, a double lumen scopic examination in an ICU setting, is the first of its kind to technique reducing contamination [81] , and made a protective be published. Previously, though, comparison of ultrasonogratube to use at antroscopies. The sampling by cotton-swab abphy to antroscopy has been performed in an office setting [55, sorption was selected (1) to get quantitatively comparative sam-56]. We found that the concordance of ultrasonography with ples from the gingiva and the antrum and (2) to obtain a sample endoscopy improved when the patient was raised. The semirefrom an antrum when there were no visible secretions (pus, cumbent position of 30Њ was chosen, however, in keeping with mucus, or serous fluid). routines of the neurosurgical ICU. Thus, even better results
The comparisons to gingival cultures showed that there was might have been possible if the patients' heads had been raised still too high a rate of contamination in samples. This contamifurther.
nation rate was successfully reduced when a free bone area The diagnostic ability to recognize any antral abnormality was prepared and contact between the gingival mucosa and the by ultrasonography proved good, but it was inadequate for instruments introduced in the antrum could thus be avoided. differentiating the type of abnormality. A possible use for max-
The contaminants that still occurred were fewer in number, illary sinus ultrasonography could be in ICU monitoring. It making them easy to identify by the comparative quantitative may also replace plain sinus radiography for screening when gingival culture [66] , and the infectious agents of the antral a continued antral investigation by CT or antroscopy is being cultures could then be recognized. considered [55, 56] .
Among all specimens obtained from our population (33 paAll diagnostic means should be validated. There is always tients; 66 antra examined and secretions cultured), four cultures individual variability, even in the performance of a professional of secretions were positive (table 6) . When secretions are used task [75] . Thus, the reliability of endoscopic assessments by a for bacterial cultivation, it is possible to miss an infection that single rater, used as the standard, necessarily had to be conis developing or established in the antral mucosa [82 -84] . We trolled [64] . The individual variability existing also in the exsuspected that the number of cases of infectious sinusperts' assessments [76, 77] contributed to the need for a second itis diagnosed through positive secretion cultures could be control [70, 78] . An expert panel of four was engaged for falsely low.
/ 9c57$$oc04 09-28-98 06:32:23 cidal UC: CID Mucosal specimens from patient 15 were cultured for bacteThe finding of RANTES in specimens without bacteria, both in the study of critically ill patients and in the reference materia [66] . The specimens were prepared before the inoculation to find both extracellular and intracellular bacteria. Of the 38 rial, points to a normal intermittent RANTES activation. The upregulation of RANTES production in the presence of bactemucosal specimens cultured, four were from culture-positive antra (table 6 ). In one of these cases (patient 28), the findings ria, either in infectious disease or in mere colonization, indicates that more cellular elements for microbial defense are correlated to the positive secretion culture. In the other three, the secretion cultures were negative.
called for. Our interpretation of these findings is that antra are normally free of bacteria. As presented in table 6, one of the three latter cases (patient 30; left antrum) was assessed endoscopically as infectious dis-IL-6 and IL-12 were both found in the clinical study, but in the reference material only IL-12 was found. The number of ease. The other two (patients 19 [left] and 33 [left]) manifested only inflammatory reactions, in accordance with the majority specimens expressing IL-6 was low, compared with the number expressing IL-12 and RANTES. This difference was not sigof the 66 examined antra. Hypothetically, they may represent either the beginning of an infection or a transient occurrence, nificant in our study, although it has been shown as such in another study on nasal disease [89] . No certain correlation was which is further considered below in the discussion of the RANTES findings.
found between different expressions of maxillary sinus disease and IL-6 or IL-12. To investigate the therapeutic capability of antibiotics on site and to evaluate the possible antibiotic suppression of bacterial Compared to control CD31-stained sections, there was a general upregulation of the adhesion molecules ICAM-1, Egrowth in the cultures, we determined the efficacy of antibiotics in diseased antral mucosa. We found that extracellular tissue selectin, and (even more prominent) P-selectin in all samples. The VCAM-1 level was sparse in our material, which might concentrations of the different antibiotics used in the patient group were comparable to the serum levels and reached or suggest a difference of activation compared with that in seasonal allergic rhinitis, in which an upregulation has been indisurpassed MIC levels for several types of bacteria capable of being infective agents. The in vitro susceptibility of bacteria cated [92] . The same distribution of the same four adhesion molecules in nasal polyp endothelium has been reported [93] ; to an antibiotic does not confirm their in vivo susceptibility. This depends on the on-site conditions, such as for the estabthus, P-selectin appears to be of importance in the eosinophil migration. However, histopathologic examination has not lished empyemas found in three antra ( The results of our studies differ from the results of previous studies. In 85% of the examined maxillary sinuses, some exWe knew from repeated MRI that on admission this patient's antra were both normal; however, 1 week prior to the antrospression of inflammatory disease was found [66] . This is similar to the frequencies of radiographic sinusitis in studies of the copy, the right antrum was diseased, according to MRI, but the left was still normal. This patient had received antibiotics same type of settings [24, 26, 29] . The rate of infectious sinusitis in our material was 6%, where both bacteriologic and endosince admission to the ICU. The suppression of bacterial growth is probably most prominent when the patient has recently rescopic diagnoses concurred [66] . This is very low compared with the rate in previous publications (table 4) . We suggest ceived a new antibiotic [87] .
We found it interesting to investigate differences in the inthat the remaining 79% noninfected but diseased antra were affected by reactive inflammatory sinusitis. flammatory reactions between the infectious and noninfectious sources of our material and to compare our findings with those
In the evaluation of material such as this, too detailed a division cannot be made if proper statistical analysis is to be in other investigations of allergic inflammation. The role of RANTES as a chemoattractant for monocytes, eosinophils, baperformed. Therefore, the classes of inflammation were limited to edema with secretion, edema only, and secretion only. In sophils, and T lymphocytes [88] in nasal polyposis and chronic sinusitis [89] and in the bronchial mucosa of asthmatic patients both of the two main groups of patients in the study -nasotracheally intubated (n Å 20) and tracheotomized but previously [90] has been shown.
In a recent study, RANTES instilled in nasal mucosa was nasotracheally intubated (n Å 10) -there was a concentration of edema with secretion as the antral reaction. shown to cause an influx of eosinophils, metachromatic cells, and lymphocytes [91] . When an allergic priming was per-
The differences between the groups or between the kinds of devices (or no devices) in the adjacent nasal cavity were not formed before the RANTES challenge, basophils, monocytes, and neutrophils also joined the previously mentioned inflamstatistically significant (P ú .05). There were no signs of normalization of the maxillary sinus condition after a tracheotomy. matory cells in the influx. In our material a significant correlation was found between the positivity of antral culture, indicatIt is probably a coincidence that all three patients with infectious sinusitis in our study had an adjacent nasogastric tube ing an infection or a colonization, and the presence of mRNA for RANTES [74] .
( were anaerobic and only 1 was due to EGNB (E. coli), there is However, our study found no bacterial sinusitis caused either by coagulase-negative staphylococci or by S. aureus, which no support for the hypothesis (comparable to the hypothesized importance of the gastropulmonary route in the pathogenesis were the two most common isolates from the ICUs where the study was performed. Furthermore, the results of our study of VAP [95, 96] ) that nasogastric tubes would promote VAS.
The bacteriology of infectious sinusitis in previous studies point to a high frequency in the Swedish ICU environment of reactive inflammatory sinusitis (79%) and a fairly low fre-(table 5) has often been likened to tracheal and bronchial culture findings, with a predominance of aerobes (particularly quency of infectious sinusitis (6%), with the main pathogens being anaerobic bacteria. P. aeruginosa and S. aureus), which take advantage of foreign plastic bodies in nasal cavities. The infectious sinusitis cases Among the antra with reactive inflammatory sinusitis, three were found to be colonized with anaerobic bacteria (table 6) . diagnosed in our study were predominantly (3 of 4) anaerobic empyemas (table 6 ). There are several factors in the patient Two of these were diagnosed by monocultures of Lactobacillus species. These are bacteria which have not generally been congroup investigated that predisposed for anaerobic infections, e.g., immunosuppression, corticosteroids, tissue anoxia, and the sidered pathogenic [102] , but new information is available. Nonspecific immunity response [103] , including production of presence of a foreign body [50] .
It is also important to review the bacteria identified in our IL-6 [104] , has been shown to be stimulated by Lactobacillus species. Clinically significant infections associated with Lactostudy as infectious agents in relation to the national level and the level of the individual hospital [97] . A survey of recent bacillus isolates have been documented in cases of intraabdominal abscesses and wounds [105] as well as septicemia and data (1994 -1995) on species distribution among gram-negative isolates from consecutive cultures in ICUs of 10 Swedish hospiinfective endocarditis [102] . Predisposition seems to occur among the elderly and patients with immunocompromising distals revealed that E. coli was the most common [98] . P. aeruginosa, which is troublesome elsewhere [3] , was in fourth place ease and in the presence of foreign bodies [102, 105] . These reports suggest that the finding of Lactobacillus species may (12% of isolates) [98] . It seems most plausible to expect the frequency of P. aeruginosa we noted (6%) in the gingival not be unexpected in a population of critically ill patients. The diagnostic difficulties of VAS are similar to those of cultures, in comparison with findings in the study of Hanberger et al. [98] , in which all clinically indicated cultures were per-VAP [106] . The frequency of VAP, or suspected VAP [107] , is very much higher than that of VAS. The attempts to achieve formed for patients admitted to ICUs. In a study of VAP with high clinical and diagnostic criteria (ú10 6 cfu/mL in protectedbetter means of diagnosing VAP have been many [87] . Invasive techniques to acquire samples, e.g., protected-brush sampling brush specimens or ú10 5 cfu/mL in bronchoalveolar lavage specimens), it was shown that at one ICU of the 10 Swedish and bronchoalveolar lavage, have been evaluated, and the pros [108] and cons [107] considered. Insufficiency in VAP diagnoshospitals in the previously mentioned study, the most commonly occurring infectious agent was S. aureus, followed by tics by means of clinical, radiological, and laboratory criteria has been demonstrated [41, 108] ; the diagnosis has been shown Haemophilus influenzae and Streptococcus pneumoniae (P. Appelgren et al., unpublished data).
to be incorrect in up to 77% of cases. This also suggests that antibiotics are prescribed to many Of 75 cases of VAP over 9 months, none was caused by P. aeruginosa. This has been suggested to be a result of having patients who do not need them. The diminishing bacterial susceptibility [109] within the ICU setting [110] underlines the an antimicrobial-policy team and of measures taken by health care workers against transmission of bacteria [97]. Specific importance of the three objectives stated by Chastre et al.: (1) to identify patients who need treatment with antibiotics for measures were also taken regarding the suction apparatus and procedure [99] , together with careful aspiration of subglottic bacterial pneumonia; (2) to select optimal antimicrobial regimens on the basis of identification of the causative microorgansecretions [100] ; the latter may affect the environment negatively in terms of P. aeruginosa colonization.
ism; and (3) to withhold antimicrobial treatment from patients without pneumonia [87] . The basis of therapy guided by these The two ICUs participating in our study were evaluated together with two other ICUs within the same hospital with objectives rests on widespread use of bronchoscopy and on site sampling, i.e., with a protective brush or bronchoalveolar regard to frequency of resistance among the bacteria occurring from 1993 to 1996 [101] . This evaluation was partially parallel
lavage. An analogous approach with improved diagnostic accuracy could probably also be applied for VAS. with our study, and thus the culture and susceptibility results for patient 20 and those following were included in both evaluaIn our studies, for maxillary sinus diagnostics in the ICU, the methods were improved. The results suggest that requiretions. During the 4-year period, the most common isolates (Ç40% each year) were coagulase-negative staphylococci, folments for the diagnosis of infectious VAS should be inspection by antroscopy and quantitative bacterial culture of antral specilowed by S. aureus and enterococci. The presence of P. aeruginosa among the isolates varied between 4% and 10%. Anaermens, compared with cultures of specimens from the passage route. The canine fossa is recommended for penetration. There obes rarely occurred.
These reports may explain why no infectious sinusitis due is a small difference in invasiveness between a single antral puncture and the method presented here. Since superior diagto P. aeruginosa was found in our material. The other aerobic infectious agents could have been expected to occur instead. nostic ability can be achieved with antroscopy, it should not / 9c57$$oc04 09-28-98 06:32:23 cidal UC: CID
